Abstract. is significantly downregulated in human gastric tissue samples. Overexpression of miR-182 suppresses the proliferation and colony formation of gastric cancer cells. However, new aspects of the mechanism are still emerging in gastric cancer. ANUBL1, also known as ZFAND4 (zinc finger, AN1-type domain 4), its roles are scarely reported in cancer. In this study, we not only showed that ANUBL1 as an oncogene was upregulated and could promote proliferation of SGC-7901 cells, but also demonstrated that its over expression led to a strong decrease of miR-182 expression and expression of ANUBL1 was in turn directly downregulated by miR-182, thereby establishing a negative feedback loop between miR-182 and ANUBL1. The elucidation of the mechanisms of miR-182 targeting ANUBL1 in gastric cancer helps us to further understand the mechanism of gastric cancer initiation and progression.
Introduction
Gastric cancer (GC) causes 12% of all cancer-related deaths each year (1, 2) . The interaction of multiple factors contributes to the development of gastric carcinogenesis, including regulatory changes in oncogenes and tumor suppressor genes (3, 4) . The regulation of oncogenes and tumor suppressor genes occurs not only at the transcriptional level, but also at the posttranscriptional level.
MicroRNAs (miRNAs, miRs) are a new class of small (~22 nucleotide) noncoding RNAs that negatively regulate protein-coding gene expression by targeting mRNA degradation or translation inhibition (5) (6) (7) . Profiling studies revealed the contribution of aberrant miRNA expression to GC initiation and progression by perturbing the function of target genes (8, 9) . Previous studies had shown that miR-182 is poorly expressed in human breast cancer stem cells, human and mouse normal mammary stem cells, and embryonic carcinoma (10) . miR-182 could deregulate RGS17 by targeting its 3'UTR to ultimately suppress the occurrence of lung cancer (11) . Although miR-182 is downregulated and can suppress cell growth and target cAMP-responsive element-binding protein 1 in human gastric cancer (12) , the various mechanisms of miR-182 inhibiting proliferation of gastric cancer cells are still emerging.
The roles of ANUBL1, also known as ZFAND4, are scarely reported in cancer. Firstly, we demonstrated that ANUBL1 expression was specifically upregulated in gastric cancer and it was positively associated with grades of gastric cancer. Moreover, it promoted proliferation of gastric cancer SGC-7901 cells. Secondly, we analyzed the mechanism of ANUBL1 upregulation in gastric cancer. We predicted that miR-182 could target 3'UTR of ANUBL1 mRNA by bioinformatic methods and the following studies confirmed the prediction that miR-182 suppressed expression of ANUBL1 through targeting its 3'UTR. Moreover, we found that ANUBL1 could downregulate anti-proliferation-associated miRNA (miR-148b, miR-375 and miR-182) expression in SGC-7901 cells. Finally, we demonstrated that introduction of ANUBL1 cDNA lacking predicted sites of 3'-UTR abrogates miR-182 cellular function (unpublished data).
In this study, we not only showed that ANUBL1 as an oncogene was upregulated and could promote proliferation of SGC-7901 cells, but also demonstrated that its overexpression led to a strong decrease of miR-182 expression and expression of ANUBL1 was in turn directly downregulated by miR-182, thereby establishing a negative feedback loop between miR-182 and ANUBL1. The elucidation of the mechanisms of miR-182 targeting ANUBL1 in gastric cancer helps us to further understand the mechanism of gastric cancer initiation and progression. Cell culture, plasmids and transfection. Human gastric cancer SGC-7901 cells were obtained from MD Anderson Cancer Center (Houston, TX, USA). SGC-7901 human gastric cancer cells were maintained in RPMI-1640 (Gibco, Grand Island, NY, USA) with 10% heat-inactivated fetal bovine serum (Gibco), 100 IU/ml penicillin, and 0.1 mg/ml streptomycin, in a humidified 5% atmosphere of CO 2 at 37˚C. ANUBL1-expressing plasmids/empty vector (pcDNA3.1) and sh-ANUBL1/scramble were purchased from the National RNAi Core Facility in Academic Sinica, Taipei, Taiwan. The ANUBL1-expressing plasmids/empty vector (pcDNA3.1) and sh-ANUBL1/scramble used for each transfection is 10 nM, unless otherwise specified. Pre-miR-182 and control-miR were purchased from Ambion (Austin, TX, USA). For transfection experiments, the cells were cultured in serum-free medium without antibiotics at 60% confluence for 24 h, and then transfected with transfection reagent (Lipofectamine 2000, Invitrogen, Carlsbad, CA, USA) according to manufacturer's instructions. After incubation for 6 h, the medium was removed and replaced with normal culture medium for 48 h.
Material and methods

Human
Colony formation. For colony formation assay, cells were transfected with ANUBL1 expressing plasmids or sh-ANUBL1 plasmids for 24 h, and then seeded in a 6-well plate. FBS (0.2 ml) was added per well on day 5. After 9-10 days of incubation, plates were washed with PBS and stained with 0.1% of crystal violet. Colonies with over 50 cells were manually counted. Plating efficiency was calculated by dividing the number of colonies formed in the treated group by that in control.
Cell-cycle analysis. Cells (8.0x10 5 ) were seeded into a 100-mm culture plate and allowed to attach overnight. The cells were transfected with plasmids for 24 h, washed twice with NaCl/Pi, and then centrifuged at 200 x g at room temperature. The pellet was resuspended in 1 ml cold NaCl/Pi and fixed in 70% ethanol for at least 12 h at 4˚C. The fixed cells were incubated with 100 µl DNase-free RNaseA (200 µg/ml) for 30 min at 37˚C, and then 1 mg/ml propidium iodide was added. The stained cells were analyzed using a fluorescence-activated cell sorter (BD Accuri C6; BD Biosciences, Ann Arbor, MI, USA). The percentages of cells in the G1, S and G2/M phases of the cell cycle were determined using CellQuest Pro software (FlowJo, Ashland, OR, USA).
MTT assay. The effect of the cell proliferation was assessed by 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium (MTT; Sigma, St. Louis, MO, USA) assay. SGC-7901 cells were transfected with ANUBL1 or pcDNA3.1 (mock), sh-ANUBL1 or scramble (mock). These cells were incubated in a humidified atmosphere with 5% CO 2 . Then, MTT solution (4.14 mg/ml) was added to each well and the optical density was measured after incubation at 37˚C for 4 h (14) . Absorbance was directly proportional to the number of survival cells.
Bromodeoxyuridine labeling and immunofluorescence. Cells grown on coverslips (Fisher, Pittsburgh, PA) were incubated with bromodeoxyuridine (BrdUrd) for 1 h and stained with anti-BrdUrd antibody (Upstate Biotechnology, Temecula, CA, USA) according to the manufacturer's instruction. Images were acquired under a laser scanning microscope (Axioskop 2 plus, Carl Zeiss Co. Ltd., Jena, Germany).
Reverse transcription-polymerase chain reaction and realtime for ANUBL1. Total RNA was isolated from cells or tissues using Trizol reagent (cat no. 11647229001, Invitrogen). cDNA was synthesized from 1 µg of total RNA in a 20 µl reverse transcription (RT) system followed by PCR amplification in a 50 µl PCR system performed using an RT-PCR kit (cat no. A3500, Promega, Madison, WI, USA). Housekeeping gene Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as RNA loading control. The PCR primer sequences are as follows: GAPDH: Forward -ATTCAACGGCACAGT CAAGG, Reverse -GCAGAAGGGGCGGAGATGA; PCNA: Forward -CTGTAGCGGCGTTGTTGC, Reverse -TCG TTGATGAGGTCCTTG; Ki67: Forward -CAACTATCCT CGTCTGTCC, Reverse -GGTCCCTAAAGATGTGCT; p21: Forward -CCCGTGAGCGATGGAACT, Reverse -CGA GGCACAAGGGTACAAGA; p53: Forward -CCTCCTCA GCATCTTATCCG, Reverse -CACAAACACGCACCTC AAA; Rb: Forward -AAGGTTTCAGGGTATCAG, Reverse -GTGGGTCTGTATGTTGTG; e2F1: Forward -AAGAAC CGCTGTTGTCCCG, Reverse -TCGAGGCCGAAGTGG TAGTC; CDK2: Forward -AGAAACAAGTTGACGGGAG, Reverse -GAAGAGGAATGCCAGTGAG; CDK4: Forward -CAGTTCGTGAGGTGGCTTTA, Reverse -GGGGTGCC TTGTCCAGATA; CDK6: Forward -TGCCCACTGAAA CCATAAAGG, Reverse -ATCCACAGCGTGACGACCA; The PCR cycles were conducted according to manufacturer's instruction and the PCR products were analyzed by agarose gel electrophoresis. Gels were photographed and densities of the bands were determined with a computerized image analysis system (Alpha Innotech, San Leandro, CA, USA). The area of each band was calculated as the integrated density value (IDV). Real-time PCR for ANUBL1 was done with a Power SYBR Green PCR Master Mix (Applied Biosystems, Carlsbad, CA, USA) according to the manufacturer's protocol. The primer sequences for ANUBL1: Forward -CCGAGACAGATA ACGAGGAT-3' , Reverse -GAGGTCTTTCTGCTAGAC-3'.
Western blot analysis. Protein extracts from the cells or tissue samples were separated by SDS-PAGe, transferred to PVDF membrane (15) . After incubation with rabbit anti-ANUBL1, anti-Ki67, anti-PCNA, anti-p21, anti-p53, anti-RB, anti-CDK2, anti-CDK4, anti-CDK6 (all from Abcam) and anti-β-actin antibodies overnight at 4˚C, IRDye TM -800 conjugated antirabbit secondary antibodies (Li-COR, Biosciences, Lincoln, Ne, USA) were used for 30 min at room temperature. The specific proteins were visualized by Odyssey™ Infrared Imaging System (Gene Company, Lincoln, Ne, USA).
Immunofluorescence analyses. For immunofluorescence analyses, cells were plated on glass coverslips in six-well plates and transfected with 30 nM pre-miR-182 or control miR. At 36 h after transfection, coverslips were stained with the mentioned anti-ANUBL1 antibodies. Alexa Fluor 488 goat anti-mouse IgG antibody or goat anti-rabbit IgG antibody was used as secondary antibody (Invitrogen). Coverslips were counterstained with DAPI (Invitrogen-Molecular Probes, eugene, Oregon, USA) for visualization of the nuclei. Microscopic analysis was performed with a confocal laser-scanning microscope (Leica Microsystems, Bensheim, Germany). Fluorescence intensities were measured in a few viewing areas for 200-300 cells per coverslip and analyzed using ImageJ 1.37v software (http://rsb.info.nih.gov/ij/index.html).
miRNA microarray. Total RNA from cultured cells, with efficient recovery of small RNAs, was isolated using the mirVana miRNA Isolation kit (cat no. AM1561, Ambion). cRNA for each sample was synthesized by using 3'IVT express kit according to the manufacturer's protocols. The purified cRNA was fragmented by incubation in fragmentation buffer (provided in the 3'IVT express kit) at 95˚C for 35 min and chilled on ice. The fragmented labeled cRNA was applied to MicroRNA 2.0 Array and hybridized in Genechip hybridization oven 640, at 45˚C for 18 h. After washing and staining in Genechip fluidics station 450, the arrays were scanned by using Genechip scanner 3000 (all from Affymetrix, Santa Clara, CA, USA). The gene expressions levels of samples were normalized and compared by using Partek GS 6.5 (Partek, Inc, St. Louis, MO, USA). Average-linkage hierarchical clustering of the data was applied by using the Cluster and the results were obtained by using TreeView developed by Michael eisen (Stanford University, CA, USA; http://rana. lbl.gov).
Real-time PCR for microRNAs. Detection of the mature form of miRNAs was performed using the mirVana qRT-PCR miRNA Detection kit (cat no. AM1558, Ambion), according to the manufacturer's instructions. The U6 small nuclear RNA was used as an internal control.
Methods of bioinformatics. The analysis of potential microRNA target sites using 4 commonly used prediction algorithms -miRanda (http://www.microrna.org/), TargetScan (http://www.targetscan.org), miRDB (http://mirdb.org/ miRDB/) and PicTar (http://pictar.bio.nyu.edu).
Luciferase reporter assay. The 3'UTR of ANUBL1 was donated by Yao Xu (Harvard University, USA) Briefly, it was amplified using cDNA from SGC-7901 cells, cloned into pRL-TK (Promega), checked for orientation, sequenced and named Luc-ANUBL1-WT. Site-directed mutagenesis of the miR-182 target-site in the ANUBL1-3'-UTR was carried out using Quik change mutagenesis kit (cat no. 200519, Stratagene, Heidelberg, Germany), with Luc-ANUBL1-WT as a template. For reporter assays, SGC-7901 cells were transiently transfected with wt or mutant reporter plasmid and pre-miR-182 (as indicated in Fig. 4 ) using Lipofectamine 2000 (Invitrogen). Reporter assays were performed 36 h post-transfection using the Dual-luciferase assay-system (Promega), normalized for transfection efficiency by cotransfected Renilla-luciferase.
Results
Aberrant ANUBL1 expression in gastric cancer. To assess the expression of ANUBL1 in gastric cancer, real-time PCR and western blot analysis were conducted in 7 pairs of gastric cancer tissues and matched adjacent normal tissue samples. The expression of ANUBL1 was consistently higher in the gastric cancer tissues than in normal tissues (Fig. 1A) . These data support the notion that ANUBL1 may act as an oncogene in gastric cancer.
To show the general importance of ANUBL1 in pathogenesis of gastric cancer, we applied immunohistochemistry analyses to detect ANUBL1 expression in human gastric cancer specimens. Staining was evaluated by a pathologist and an investigator blinded to diagnosis. Sections of gastric cancer of every grade were divided into two groups (-/+ and ++/+++) (Fig. 1B) . The expression rates of the ANUBL1 protein in ++/+++ group in gastric cancer of grades I, II, III and IV were 12.5, 29.4, 45.0 and 70.3%, respectively (Fig. 1B) . Statistical analysis showed that ANUBL1 expression level was higher in high-grade gastric cancer tissues than in low-grade ones, grades I vs. IV (p<0.001), grade II vs. grade IV (p<0.001), and grade I vs. grade III (p<0.001).
In order to further confirm that high expression of ANUBL1 was associated with high-grade human gastric cancer, quantitative image analysis was performed to analyze ANUBL1 protein expression in these tissue sections and we found that ANUBL1 expression was indeed associated with grades of gastric cancer (Fig. 1C) . These data implied that ANUBL1 as an oncogene was upregulated in gastric cancer tissues and associated with progression of gastric cancer.
ANUBL1 promotes proliferation of gastric cancer SGC-7901 cells.
To investigate whether ANUBL1 contributes to proliferation of gastric cancer cells, firstly using western blot, we tested whether ANUBL1 expressing plasmids could stably express ANUBL1 protein in SGC-7901 cells. The results showed that ANUBL1 protein could be significantly increased by ANUBL1 expressing plasmids in the cells (Fig. 2A) .
In order to identify the effect of ANUBL1 on colony formation, we performed colony formation assay. The results showed that over-expression of ANUBL1 significantly increased colony formation rate of SGC-7901 cells after transfection (Fig. 2B) .
In addition, we also performed MTT assay to detect proliferation of SGC-7901 cells transfected with ANUBL1 expressing plasmids. The results showed that ANUBL1 promoted proliferation in SGC-7901 cells after 24 h of transfection and the promotion was dose-and time-dependent (Fig. 2C) . To further show the effects of ANUBL1 on proliferation, we performed cell cycle analysis to analyze its effects on the cell cycle. The results showed higher S phase fractions in SGC-7901 cells transfected with ANUBL1 than in SGC-7901 cells transfected with empty vector (Fig. 2D) . To further identify that DNA synthesis promotion contributed to the higher S phase fractions in SGC-7901 cells transfected with ANUBL1, we performed Brdu incorporation assay to detect DNA synthesis in the cells. The results confirmed that ANUBL1 significantly promoted DNA synthesis in the cells and representative micrographs (left) and quantification (right) of BrdU incorporating-cells after transfection with ANUBL1 or empty vector (mock) are shown in Fig. 2e . In the following studies, we performed RT-PCR to identify whether mRNA of the proliferation markers were also affected by ANUBL1 in the cells. The results of RT-PCR showed that expression of PCNA, Ki67, CDK2, CDK4, CDK6, e2F1 was upregulated, and expression of p21 and p53 was downregulated by ANUBL1 in the cells (Fig. 2F ). In addition, we performed western blot to further confirm that ANUBL1 could regulate these markers. The results of western blot demonstrated that PCNA, Ki67, CDK2, CDK4 and CDK6 expression were upregulated and p21 and p53 expression were downregulated by ANUBL1 (Fig. 2G) . Due to lack of the e2F1 antibody, we did not analyze its protein expression in the cells. These data implied that ANUBL1 was upregulated and could promote proliferation in SGC-7901 cells.
Silencing ANUBL1 inhibits proliferation in gastric cancer SGC-7901 cells.
We demonstrated that ANUBL1 overexpression promoted proliferation in SGC-7901 cells. To provide further evidence that ANUBL1 were involved in proliferation of SGC-7901 cells, we studied the effects of the sh-ANUBL1, an inhibitor of ANUBL1. After stable transfection, ANUBL1 expression was detected by western blotting. The results showed that exogenous sh-ANUBL1 significantly downregulated ANUBL1 expression in SGC-7901 cells (Fig. 3A) . Colony formation of SGC-7901 cells were tested by colony formation assay. Silencing ANUBL1 significantly suppressed colony formation rate of SGC-7901 cells (Fig. 3B) . Moreover, we also performed MTT assay to detect proliferation of SGC-7901 cells with sh-ANUBL1 and scramble transfection. The results showed that sh-ANUBL1 inhibited proliferation in SGC-7901 cells, compared with scramble-transfected groups (Fig. 3C) . To further show the effects of silencing ANUBL1 on proliferation, we performed cell cycle analysis to analyze the effect of sh-ANUBL1 on the cell cycle. The results showed that lower S phase fractions in SGC-7901 cells transfected with sh-ANUBL1 than in SGC-7901 cells transfected with scramble (Fig. 3D) . To identify that DNA synthesis inhibition contributed to lower S phase fractions in SGC-7901 cells transfected with sh-ANUBL1, we performed Brdu incorporation assay to detect DNA synthesis in the cells. The results confirmed that sh-ANUBL1 significantly suppressed DNA synthesis in the cells and representative micrographs and quantification of BrdU incorporating-cells after transfection with sh-ANUBL1 or scramble are shown in Fig. 3e . All the results confirmed that ANBUL1, as an oncogene promoted proliferation in SGC-7901 cells.
ANUBL1 is a target of miR-182 in gastric cancer SGC-7901 cells.
Having demonstrated that ANUBL1 expression is specifically upregulated and is associated with progression of the disease and it promotes proliferation in SGC-7901 cells, we next studied the mechanisms promoting ANUBL1 expression in the disease. MicroRNAs (miRNAs) are a new class of small (~22 nucleotide) noncoding RNAs negatively regulating protein-coding gene expression by targeting mRNA degradation or translation inhibition (16) . Downregulation of specific miRNA can contribute to oncogene overexpression (12). Thus we reasoned ANUBL1 was upregulated by defect of a specific miRNA.
As further confirmation, on the one hand, we employed four commonly used prediction algorithms -miRanda (http:// www.microrna.org/), TargetScan (http://www.targetscan.org), Pic Tar (http://pictar.mdc-berlin.de/) and miRDB (http://mirdb. org/miRDB/index.html) to analyze 3'UTR of ANUBL1. All the four algorithms predicted that miR-182 could target 3'UTR of ANUBL1 (Fig. 4A ) and the predicted target is shown in Fig. 4B .
To study biology function of miR-182, we tested whether miR-182 expression could be increased by pre-miR-182 in SGC-7901 cells. Real-time PCR was performed to detect miR-182 expression in the cells transfected with pre-miR-182 and the results showed that pre-miR-182 could significantly upregulate miR-182 expression (Fig. 4C) .
In order to identify that ANUBL1 could be downregulated by miR-182, we performed immunofluorescence analyses and western blot to study whether miR-182 could affect ANUBL1 protein expression. Immunofluorescence analyses showed that ANUBL1 was significantly downregulated in SGC-7901 cells transfected with pre-miR-182 (Fig. 4D) . Consistent with immunofluorescence analyses, the results of western blot showed that ANUBL1 protein was significantly downregulated by miR-182 in SGC-7901 cells (Fig. 4e) . We also performed real-time PCR to detect ANUBL1 mRNA in the cells transfected with pre-miR-182. The result showed that miR-182 indeed downregulated ANUBL1 mRNA expression in SGC-7901 cells (Fig. 4F ).
To further demonstrate the direct regulation of ANUBL1 by miR-182, we used luciferase reporters with the targeting sequences of wild-type (ANUBL1-WT-luc) and mutated ANUBL1 3'UTRs (ANUBL1-MUT-luc) (Fig. 4G) . To detect whether miR-182 targets 3'UTR of ANUBL1, luciferase assay was performed. Our results showed that miR-182 inhibited ANUBL1-WT-luc plasmids, but not ANUBL1-MUT-luc plasmids (Fig. 4H) . All the results confirmed that miR-182 negatively regulates protein-coding gene ANUBL1 expression by targeting its 3'UTR.
ANUBL1 regulates proliferation-associated microRNA expression. Oncogenes or tumor suppressor genes can play important roles through regulating miRNAs in gastric cancer (17) (18) (19) . Having demonstrated that ANUBL1, as an oncogene, promoted proliferation of SGC-7901 cells, we reasoned that ANUBL1 also could regulate proliferationassociated microRNA expression. In an attempt to identify that ANUBL1 contributed to aberrant regulation of miRNA expression in SGC-7901 cells, we performed miRNA profiling in SGC-7901 cells transfected with ANUBL1 expressing plasmids or empty vector. RNAs isolated from the cells were hybridized to a custom miRNA microarray platform. Following three hybridization cycles, quantification, and normalization, a dozen miRNAs, were changed in the cells transfected with ANUBL1 expressing plasmids. We were interested in miR-148b, miR-375 and miR-182, because they could suppress proliferation of gastric cancer cells (12, 20, 21) and they were downregulated in the cells transfected with ANUBL1 expressing plasmids (Fig. 5A) . We also performed real-time PCR to identify the miR-182 expression in the cells transfected with ANUBL1 expressing plasmids, and the results showed that ANUBL1 significantly inhibited the expression of miR-182 (Fig. 5B) . We performed Brdu incorporation assay in SGC-7901 cells transfected with pre-miR-182. Consistent with previous studies (12) , the results showed that miR-182 could inhibit DNA synthesis in SGC-7901 cells (Fig. 5C ).
Introduction of ANUBL1 cDNA lacking predicted sites of 3'-UTR abrogates miR-182 cellular function. Since miR-182 directly degraded ANUBL1 through targeting its 3'UTR, we reasoned that ectopic expression of ANUBL1 by transfection of the cDNA that did not contain the predicted target of 3'UTR (in this study, the ANUBL1 expression plasmids did not contain the predicted position in its 3'UTR) escapes the regulation of miR-182 and thus attenuate or decrease the function of miR-182. To this end, we transfected ANUBL1 expressing plasmids or empty vector (pcDNA3.1) into control miR or pre-miR-182 treated-SGC-7901 cells. Immunoblotting analysis revealed that transfection of ANUBL1 expressing plasmids attenuated the effect of miR-182 on ANUBL1 protein (Fig. 6A) .
Since overexpression of miR-182 in SGC-7901 cells inhibited proliferation, in order to identify whether ANUBL1 could abrogate or attentuate the roles of miR-182 on proliferation, control miR or pre-miR-182-treated SGC-7901 cells were transfected with either ANUBL1 expressing plasmids or empty vector (pcDNA3.1), we performed MTT and Brdu incorporation assay and found that pre-miR-182-treated SGC-7901 cells displayed ~40% decrease in proliferation compared to control miR treated cells (Fig. 6B ) and DNA synthesis (Fig. 6C) . Restoration of ANUBL1 sufficed to reverse the loss of proliferation (Fig. 6B ) and DNA synthesis (Fig. 6C ) observed in pre-miR-182-treated cells. Thus, we concluded that miR-182 promoted proliferation via downregulating ANUBL1 expression.
Discussion
The interaction of multiple factors contributes to the development of gastric carcinogenesis, including regulatory changes in oncogenes and tumor suppressor genes (3, 4) . The alterations of these genes are diverse. For example, the oncogenes K-ras and c-met are significantly amplified and overexpressed in gastric cancer (22) . Abnormal expression of CD44v is closely related to the invasiveness and metastasis of gastric cancer (23) . As tumor suppressor genes, p53, APC and DCC show absent expression or lower expression levels in gastric cancer (24) (25) (26) . More genes are still emerging as oncogenes or tumor suppressor genes in gastric cancer. In this study, we demonstrated that ANUBL1 expression was specifically upregulated in gastric cancer and it was positively associated with progression of gastric cancer. Moreover, as an oncogene, it can promote proliferation of gastric cancer SGC-7901 cells.
We also exploited the mechanism promoting ANUBL1 expression. We found that ANUBL1 is a target of miR-182. Because miR-182 is downregulated and can suppress cell growth in human gastric cancer (12), we reasoned that miR-182 inhibited proliferation by downregulating ANUBL1 expression. The fact that introduction of ANUBL1 cDNA lacking predicted sites in 3'-UTR abrogated miR-182 cellular function further confirmed the conclusion in the cells. Our results indicate that upregulation of ANUBL1 was associated with miR-182 low expression in gastric cancer. The elucidation of the mechanisms of miR-182 targeting ANUBL1 in gastric cancer helps us to further understand the mechanism of gastric cancer initiation and progression.
miR-182-mediated ANUBL1 regulation in gastric cancer demonstrated in this study has potential basic and clinical implications. On one hand, ANUBL1 could be a powerful oncogene by promoting proliferation and regulating relevant tumor suppressor genes in gastric cancer and pharmacological inhibition of ANUBL1 may represent a promising therapeutic strategy. On the other hand, miR-182 is a tumor suppressor gene and overexpression of ANUBL1 could further downregulate its expression. Further exploration of the role of ANUBL1 in cancer is required to confirm its clinical significance. 
